In this clinical research, it was not proved that the presence of non-working contacts in healthy periodontal status affects periodontal conditions including tooth mobility, probing depth, and clinical attachment level. These results pose questions for eliminating non-working contacts.
Introduction
Since Karolyi proposed a relationship between excessive occlusal stress and alveolar pyorrhea, 1 many studies have investigated the relationship between occlusion and periodontal status. 2 Early theories indicated occlusal disharmony to be a cause of a wide variety of clinical lesions such as pulp and periodontal disturbances, obscure facial pain, gingival recession, periodontal abscess, tooth mobility, and pericementitis. [3] [4] [5] [6] However, in the 1960s, the theory that microorganisms are the cause of periodontitis became more accepted. This led to a change of theory in which traumatic occlusion was considered not to be a causative factor but merely a cofactor in the progression of periodontitis. A cofactor was defined as a factor that by itself does not cause a disease process but could modify the course or expression of a disease process.
Human and animal studies have proposed that occlusal trauma would not yield increases of probing depth or the loss of attachment levels but would instead yield the absorption of alveolar bone that might temporarily or permanently increase tooth mobility. 7 Moreover, it was definitely stated that non-working contact was unnecessary in natural dentition and non-working interference should be eliminated. 8 Therefore, in general practice, occlusion has been evaluated during border and tapping movements to detect and remove premature and non-working contacts. Since previous studies have compared occlusion with periodontal tissue that might have a periodontal problem, it has been difficult to differentiate primary and secondary occlusal trauma.
By refuting the clinical concept that the ex-amination of non-working contacts during lateral excursion is necessary, this study focused on primary occlusal trauma and evaluates the relationship between periodontal status and tooth contact during lateral excursion in teeth with sound periodontal tissue.
Materials and methods
The present study was conducted in accordance with the Declaration of Helsinki (World Medical Association 1964), and informed consent was obtained from all subjects. The subjects comprised 50 males and 50 females who were selected from the students and staff at the Osaka University Faculty of Dentistry based on the following inclusion criteria: 1) no missing teeth; 2) no history of orthodontic treatment; and 3) 20 -29 years of age (22 -29yrs, mean (SD): 25.2 (1.9) yrs).
The periodontal status of all teeth was evaluated by probing depth, bleeding index, clinical attachment levels, and tooth mobility. Probing depth and clinical attachment levels were determined with a TPS probe (Vivadent, Schaan, Liechtenstein) and recorded from six different sites around each tooth: mesiobuccal, midbuccal, distobuccal, mesiolingual, midlingual, and distolingual.
The maximum value was adopted as the probing depth and clinical attachment level of each tooth. Tooth mobility of each subject was measured using Periotest ® (Gulden-Medizintechnik, Bensheim, Germany), a device that dynamically measures periodontal tissue reaction to a defined percussive force applied to the tooth produced by a tapping metal rod. The Periotest value is a newly available biophysical parameter influenced by the periodontal attenuation characteristics of each tooth. 9 The Periotest value corresponds to the four different degrees of mobility index. 10 Normal ranges of the Periotest have already been investigated. 11 Occlusal examination was performed by the same examiner. Bilateral eccentric movements were performed voluntarily by subjects to an edge-to-edge position at the canines. The procedure was repeated until the subjects could reliably perform the movements. The term, "non-working contact" was defined as having inter-occlusal tooth contacts on the nonworking side during a lateral excursion. 2 Nonworking tooth contacts during lateral excursions were detected by placing a 0.025 mm thick sheet of articulating paper (Morita Co., Osaka, Japan) between the occluding tooth surfaces during lateral excursions. In addition, the presence or absence of inter-occlusal contacts was confirmed by direct intra-oral inspection and by a subjective report during movements.
A total of 2,800 teeth were evaluated. To exclude tooth mobility that might be related to periodontal disease, a total of 230 teeth with 4 mm or deeper probing depth and/or bleeding on probing were excluded from further analysis. The remaining 2,570 teeth were classified into two groups based on the presence or absence of non-working contacts. Periotest values were statistically compared by gender, dentition (upper or lower), and tooth types using 3-way ANOVA. Probing depth and clinical attachment levels were then statistically compared between teeth with and without non-working contact using Student t-test. Since Periotest values did not have normal distribution, nonparametric statistics (Mann-Whitney U test) were used to compare Periotest values. The significance level of a statistical analysis was set at α=.05.
Results
The distribution of Periotest values ( Fig. 1 ) were statistically evaluated using 3-way ANOVA. They showed significant differences between male and female (P =.000), between upper and lower dentition (P=.000), and among tooth types (P =.000) ( Table 1 ). The two-factor interaction between sex and dentition (P=.255) and between sex and tooth type (P=.201) were not significant between gender, dentition and tooth type was statistically evaluated using 3-way ANOVA ( Table 1 ).
( Table 1 ). However, since the two-factor interaction was significant between dentition and tooth type (P=.000), further comparison between upper and lower dentition and among tooth type was regarded as meaningless ( Table 1 ). The post hoc comparison revealed that the Periotest values were significantly greater in female subjects than in male subjects (male: n=1,272, mean (SD)=2.02 (2.62); female: n=1,298, mean (SD)=3.05 (3.00), P=.000).
Of 100 subjects, 38 presented non-working contacts, which were mostly detected in the first and the second molars both in male and female subjects ( Table 2 ). Molars accounted for 91% of the non-working contacts. There was no significant difference in probing depth and clinical attachment level by gender between teeth with and without non-working contacts (Tables 2 and 3). Moreover, there was no significant difference in Periotest values of molars between teeth with and without non-working contacts (Fig. 2 ).
Discussion
Probing measurements are essential, and their interpretation forms the basis for assessing the immediate and long-term results of periodontal treatment. [12] [13] [14] The present study conducted two probing examinations, probing depth and clinical attachment level, as parameters of the inflammation of periodontal tissue. The TPS probe has a hemispherical tip of 0.5 mm in diameter and springs that are activated when probing. If the probe head is displaced to a particular landmark, the tension of the springs equals a probing force of approximately 0.2 N. These two devices, i.e., springs that enable the examiner to probe with predetermined force and the hemispherical tip that prevents the probe tip from penetrating the most apical dentogingival epithelium, minimized the over and under-estimation problems of the probing depth or the clinical attachment levels that might occur. In this study, tooth mobility was used as a parameter of periodontal status because it is considered a common clinical sign of occlusal trauma. 7 Since Periotest value has been reported to correlate with the clinical mobility index, 15 we used it for quantitatively evaluating tooth mobility. Studies on attachment level should be based on subjects matched by their age. It is illogical to compare young and old subjects and draw conclusions about advancing periodontitis with age merely because, in older patients, the attachment may be on the cementum without periodontal disease. 16 Jin & Cao 17 reported a relationship between attachment level, alveolar bone loss, and tooth mobility. Since tooth mobility should also be compared in subjects matched by age, all of the subjects of this study were in their twenties.
Periotest values were significantly larger in female subjects than in male subjects. 9 These results were the same as reports that used subjects selected from different age groups. 11 A possible explanation for this observation is that the smaller root surface area in females commonly causes tooth mobility of a naturally higher Periotest value. 18 In addition, this theory may also explain the difference in Periotest values by type of tooth.
In this study, it was determined that of 100 subjects, 38 presented non-working contacts, and molars accounted for 91% of the non-working contacts. Although percentages vary among reports, non-working contact during lateral excursion is not rare in natural dentitions. [19] [20] [21] [22] The percentage of subjects with non-working contacts was lower than other studies. 23, 24 The reason for this difference can be partly explained by the age distribution of subjects. The occlusal wear in canines might be too insignificant to produce nonworking contacts in molars because the subjects in this study were all in their twenties. Molars accounted for a high percentage (91%) of the nonworking contacts, which is higher than the above studies and agrees with Mitchum. 25 When a nonworking contact was presented, it generally involved a single contact between the most posterior teeth. 19 In addition, it is also reasonable to consider the influence of the anatomical location of molars and the Curve of von Spee. 24 Non-working contacts were mostly detected in molars. There were no significant differences of probing depths and clinical attachment levels between subjects with and without non-working contacts. Although experimental conditions were not completely controlled, our results were the same as others. 17, 26 Although it was also expected that Periotest values would be significantly different, no differences were found between the two groups. Possible hypotheses that account for these results include: 1) the subjects in this study have resistance to trauma from occlusion because of their youthfulness; and 2) only functional contacts such as contact during mastication might relate to tooth mobility. However, until now, there has been no evidence that functional contacts are related to tooth mobility. Authors had reported that chewing movements which deviated from normal chewing movements due to the presence of occlusal interference during mastication increased the mobility of specific types of teeth. 27 On the contrary, the results of this study suggest that the relationship between non-working contacts and tooth mobility might be weak in persons with healthy periodontal tissue. Although further investigation regarding secondary occlusal trauma and the effect of simultaneous working-side contacts should be considered, these results imply an importance of the functional evaluation of occlusion for the examination of periodontal tissue.
Conclusion
The results of this study pose questions regarding the importance of examinations of tooth contact during lateral excursion and occlusal adjustment based on this examination. Since the significance of non-working contact as a causative factor of primary occlusal trauma was not proved, the validity of occlusal adjustment for eliminating non-working contact is questionable.
